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Abstract 
 
The technology of die casting is in the connection of final quality of produced castings influenced by a lot of technological factors. These 
factors influence each other. This represents the complex reciprocal connections between the character of alloy, mould cavity filling time, 
construction of a mould and the efficiency of die cast machine. Between technological factors influencing the quality of casting belong the 
final pressure and the height of the tablet in the filling chamber. The final pressure should replace the gravity feeding of the molten metal 
into empty spaces of the casting and inhibit the clustering of bubbles, the tablet height eliminates the air amount enclosed in casting after 
pressing. 
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1. Introduction 
 
Die casting is the way of casting production, in which the 
molten metal is injected into the metal mould with high velocity 
(10 - 100 m/s), which metal achieves with the thickening of the 
inlet in the ingate with the actuation of high pressure. In the short 
period of solidification, the metal stays under pressure. The high 
velocity of filling and high pressure enable to cast the thin-walled 
and  very  complicated  castings  which  do  not  need  the  other 
treatment very often. According to this, this method of casting 
production comes to the ideal effort to direct change of material 
into the final casting. 
The velocity of the metal in the ingate is chosen according to 
segmentation  and difficulty  of  the  casting.  Fast  cooling  of  the 
casting is achieved by the fast heat removal of the own metal 
mould,  which  both  halves  and  in  some  cases  also  cores  and 
capsules are cooled by water fluctuating in the channels. 
Based  on  the  introduced  we  can  state,  that  die  casting  is 
characterized as alternative to the gravity metalostatic pressure by 
the  force  effect  of  the  piston  on  the  molten  metal  in  filling 
chamber of die cast machine, in which the mould is filled under 
the high pressure. 
Because of that in the die cast mould arises high velocities of 
flow during filling. The complicacy of the question of die cast 
mould filling is the fact, that factors as construction of the casting 
and the heat balance of the mould define the real flow of the 
molten metal. 
The  quality  of  the  die  castings  is  influenced  by  basic 
technological  parameters,  among  which  belong  the  velocity  of 
compression moulding during the cast cycle, mould filling time, 
temperature of cast alloy, temperature of the mould and filling 
chamber. 
These factors influence each other. it creates a complex of 
mutual  bonding  between  the  character  of  alloy,  filling  time, 
construction  of  the  mould,  effectivity  of  the  die  cast  machine, 
which means to know the patterns of die casting process from the 
beginning of the mould cavity filling to the final solidification of 
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Between technological factors influencing the final quality of 
the  casting  belong  the  height  of  residual  metal  in  the  filling 
chamber (tablet) and final pressure. 
The height of the residual metal depends on specification of 
the weight of the molten metal charge needed for one operation of 
casting. Utilization of the metal is given by the ratio of  clean 
casting weight to the weight of the charge. The greatest weight 
ratio in the unused metal is mainly the residual metal in the filling 
chamber. Because of this, there is always chosen the minimal size 
of  the  tablet,  in  which  the  desired  quality  of  the  casting  is 
achieved.  The  size  of  the  tablet  in  the  filling  chamber  also 
influences the diameter of the filling chamber. By its increasing 
with the constant height of the tablet, arises also the weight ratio 
of returning material. Because of this, the smallest diameter of the 
filling  chambers  are  used  for  different  types  of  castings  with 
securing of desired quality of the castings. 
The  righteous  designation  of  the  tablet  height  Z  is  very 
important, because in the period of final pressure it acts as the 
only feeder for the whole casting, Fig. 1. 
 
 
Fig. 1. Scheme of filling 
 
In the section xo – x1 the piston with slow velocity v1 and small 
pressure  p1 in the time of 300 ms closes the filling hole of the 
filling chamber. In the section x1 – x2 the velocity increases to v2 
under pressure p2, the ingate system and mould cavity is filled 
with molten metal. In the moment of piston braking the pressure 
increases into operating pressure pprev and multiplicator further to 
pdotl called final pressure, when the compression moulding begins. 
the time of pressure rising is about 7 ms. After the mould filling 
comes to the solidification of the casting in the mould, which lasts 
for 6 - 10 s. 
The  final  pressure  should  compensate  the  feeding  of  the 
molten  metal  into  empty  places  of  the  casting  and  inhibit  the 
clustering and noncoupling of gas bubbles during crystallization 
of the casting (the requirement is the adequate hydraulic contact 
of the mould with gating system). For achieving a higher final 
pressure the multiplicator is used, which is the part of die casting 
machine. the influence of the tablet height and final pressure on 
the final quality of the casting was watched in the experiment. 
 
 
2. The methodic of experiment 
 
The  influence  of  the  size  of  residual  metal  (tablet)  in  the 
filling chamber and final pressure on the quality of the casting 
was watched on the die cast machine Müller Weingarten 600. For 
the  experiment  realization  was  used  the  alloy  AlSi12Cu1(Fe), 
which chemical composition according to STN 424310 is shown 
in Table 1 
 
Table 1.  
Chemical composition of alloy, wt % 
According to STN EN 1706 (STN 424310) 
Al  Si  Fe  Cu  Mn  Mg  Cr  Ni  Zn  Pb  Sn  Ti 
residual 
10,5 
- 
13,5 
max 
1,5 
0,7 
- 
1,2 
max 
0,55 
max 
0,35 
max 
0,1 
max 
0,3 
max 
0,55 
max 
0,2 
max 
0,1 
max 
0,2 
 
The diameter of the filling chamber of die cast machine was 
70  mm.  For  the  analysis  were  used  the  flange  castings  of 
electromotor, which were casted into the quad mould, Fig. 2. 
 
 
Fig. 2. Distribution of the castings and gating system of the mould 
 
Based  on  the  given  were  described  three  factors,  which 
influence on the final porosity of analyzed samples was watched. 
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1. factor - the height of the residual metal (tablet) in the filling 
chamber: 10, 20, 30 mm 
2. factor - the velocity of the piston in the filling chamber: 1,9; 
2,3; 2,6; 2,9 and 3,2 m/s 
3. factor - the final pressure of the piston in the filling chamber: 
13, 22, 25 MPa 
Beside  the  factors,  which  influence  was  observed 
experimentally,  the  factors  on  constant  level  were  given: 
temperature of the alloy 708°C, temperature of the mould 199°C, 
filling time 0,019 s. 
Based on the given factors was achieved the collection of the 
castings, which were analyzed. From each casting was taken the 
sample  for  metalographic  thin  section  from  the  same  place  to 
evaluate the porosity on microscope OLYMPUS GX51 with the 
computer program Image J. 
The  measured  values  of  porosity  f  according  to  the  piston 
velocity in filling chamber and height of residual metal in filling 
chamber are shown in Tab. 2 and graphically shown on Fig. 3 
 
Table 2. 
The values of porosity f according to the height of the residual 
metal (tablet) 
Sample No  Velocity 
v (m/s) 
Tablet 
height 
(mm) 
Porosity  
f (%) 
1  1,9  10  9,98 
2  1,9  20  1,97 
3  1,9  30  1,68 
 
 
Fig. 3. The dependence of porosity on the height of residual metal 
(tablet) 
   
Microstructures of analyzed samples are shown on Fig. 4 - 6, on 
which the dark spots documents the porosity in the castings. 
 
 
Fig. 4. Macrostructure of sample 1 
average porosity 9,98% 
 
 
Fig. 5. macrostructure of sample 2 
average porosity 1,97% 
 
 
Fig. 6. Macrostructure of sample 3 
average porosity 1,68% 
 
Based  on  achieved  results  of  evaluating  the  porosity  was 
assigned  the  tablet  height  in  the  filling  chamber  30  mm  for 
evaluating the porosity f according to change of final pressure. 
The measured values of porosity f according to final pressure 
are shown in Tab. 3 and graphic process is shown on Fig. 7. 
 
Table 3.  
The values of porosity f according to final pressure 
Sample No. 
Fianl 
pressure 
(MPa) 
Piston 
velocity 
in 
chamber 
(m/s) 
Porosity 
f (%) 
1  13 
2,6 
3,73 
2  22  2,09 
3  25  0,85 
 
 
Fig. 7. Dependence of porosity f on change of final pressure 
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Macrostructures of analyzed samples taken from the castings are 
shown on Figs. 8 - 10, where the black spots are the pores in the 
castings. 
 
 
Fig. 8. Macrostructure of sample 1.1 
porosity 3,73% 
 
 
Fig. 9. Macrostructure of sample 2.1 
porosity 2,09% 
 
 
Fig. 10. Macrostructure of sample 3.1 
porosity 0,85% 
 
 
3. Achieved results and its analysis 
 
The measured values of porosity shown in Table 2  show the 
big differences according to the metal height (tablet) in filling 
chamber.  The  results  confirmed,  that  with the  metal  height  in 
filling chamber 10 mm is the porosity highest. Great occurrence 
of porosity is influenced with the amount of molten metal at the 
expense of volume increase of the air in the filling chamber. The 
air is taken form the chamber by molten metal into the casting 
during  the  mould  filling.  When  the  height  of  metal  in  filling 
chamber is low, the influence of final pressure can not effectively 
express. 
On  the  other  side,  the  beneficial  influence  on  porosity 
decrease was shown by increased height of the metal in the filling 
chamber to 20 and 30 mm what assured the measured values in 
Table  2,  which are  graphically  represented  on  Fig. 3  and also 
macrostructures. By evaluating the porosity according to the final 
pressure was significantly acknowledged, that higher values of 
final  pressure  positively  influence  the  porosity  of  analyzed 
samples. This dependence is graphically shown on Fig. 7, which 
proves, that with increase of final pressure the porosity decreases. 
Final pressure is nowadays one of the most discutable factors 
of die casting. Its high value on one side decreases the lifetime of 
the moulds and increases the dead-time of die cast machines, but 
on the other side increases the castability of castings, decreases 
the air volume which is enclosed in the castings (porosity) and 
increases its quality (strength, closeness, etc.).  The size of the 
final  pressure  value  is  in  praxis  determinated  individually 
according to casted type of casting and alloy. 
 
 
4. Conclusion 
 
1.  Measured values of average porosity of analyzed samples of 
die  castings  on  die  cast  machine  with  cold  horizontal 
chamber confirms the influence of the height of the residual 
metal in filling chamber on the casting quality. Because of 
this, for every type of the die cast casting it is important to 
determine optimal diameter of filling chamber and weight 
of  the  molten  metal  charge  needed  for  one  operation  of 
casting of desired quality. 
2.  The final pressure displaces the gravity feeding of molten 
metal into the empty places of the casting and suppress the 
clustering  and  expansion  of  gas  bubbles  during 
crystallization  of  castings.  The  effectiveness  of  the  final 
pressure is contingent by sufficient hydraulic connection of 
mould with gating system. 
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